Germination of Bacillus cereus 569 spores was triggered by inosine but not by adenosine. Germinated spores catabolized both inosine and adenosine. Addition of [U-14C]-labelled inosine or adenosine to the germination medium resulted in the release of 14C0, which was dependent on exogenous phosphate and Mg2 +. The released lZCOz originated solely from the ribose moiety of either adenosine or inosine. The utilization of the ribose moiety of purine nucleosides supplied the energy needed for the removal of spore-specific photoproduct from DNA.
INTRODUCTION
Germination of bacterial spores may be initiated by a number of compounds known as germinants. L-Alanine, adenosine or inosine are effective germinants for spores of Bacillus cereus (Church et al., 1954; Shibata et al., 1976) , but little is known about the way in which these compounds trigger germination. Lawrence (1955 a, b) investigated the role of purine ribosides in the germination process and found that spores of B. cereus can cleave adenosine into adenine and ribose. Spores of B. cereus contain two enzymes which could be involved in inosine-initiated germination : (i) purine nucleoside phosphorylase (Krask & Fulk, 1959 ; Srinivasan & Halvorson, 1961 ; Gardner & Kornberg, 1967; Engelbrecht & Sadoff, 1969; Gilpin & Sadoff, 197 1) ; (ii) purine ribonucleosidase (Powell & Hunter, 1956) . Inosine phosphorylase activity has also been demonstrated in intact vegetative cells of B. cereus (Mura et al., 1978) .
The work reported here examined the role of inosine in the germination of Bacillus cereus 569 spores. Activation of the endogenous spore-specific photoproduct repair was used as an indication of energy supplied by the metabolism of inosine.
METHODS
Spores. Spores of Bacillus cereus NRRL 569 were obtained from Dr C. B. Thorne. A thymine-requiring mutant isolated by the method of Farmer & Rothman (1965) was used in all the experiments. Spores were produced on sporulation medium which consisted of (g 1-l): nutrient broth (Difco), 8.0; NaCI, 5.0; MgS04. 7H20, 0.2; CaC1,.2H20, 0.15. After incubation for 24 h at 37 "C in a vigorously shaken water bath, spores were harvested and washed five times with cold distilled water and stored at -20 "C.
Radioactive labelling. Spores were labelled by growing them on agar plates of sporulation medium supplemented with [methyl-3H]thymidine [5 pCi ml-l; sp.act. 35 Ci mmol-l (1.3 TBq mmol-l); from the Nuclear Research Center, Negev, Israel], thymidine (1 pg ml-l) and deoxyadenosine (250 pg ml-l; Sigma). After incubation at 37 "C for 4 d, the spores were collected and washed five times in cold distilled water (Munakata & Rupert, 1974) .
Germination. Spores were heat-shocked in distilled water at 80 "C for 20 min and germination was followed 
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by measuring the decrease in turbidity (520 nm) of the suspension (5 x lo7 spores ml-l) at 37 "C at 0.1 MNa,HPO4/NaH2PO4 buffer (pH 8.0) containing 0.2m-~-alanineplus 0.2 m-inosine or 0.2 mwinosine alone (Shibata et al., 1976) . Ultraviolet irradiation. A suspension of lo7 spores ml-l was irradiated using a 15 W germicidal ultraviolet lamp. The irradiation was performed in a Petri dish with gentle stirring, at a distance of 65 cm for 15 rnin (1.5 J m-2 s-l). Viable counts. Quantitative determination of viable bacteria was performed by plating samples after heatactivation and incubating at 37 "C for 24 h.
Analysis of photoproducts. Irradiated spores previously labelled with [methyl-SH]thymidine were resuspended in germination medium and incubated at 37 "C with shaking. At intervals, samples (5 ml) were removed, placed in an ice bath and trichloroacetic acid (5 %, w/v) was added. After 1 h the mixture was centrifuged, the precipitate was washed with ethanol, dried and hydrolysed with trifluoroacetic acid in sealed tubes at 175 "C for 75 min. The hydrolysate was chromatographed on Whatman 3MM paper with 1-butanol/ glacial acetic acid/water (80 : 12 : 30, by vol.) at room temperature in a descending direction. One crn segments of the paper were extracted with 0.5 ml water and subsequently counted by liquid scintillation (Munakata & Rupert, 1972 ; Van-Wang & Rupert, 1977) .
Measurement ofpurine nucleoside utilization. To 10 ml of heat-activated spores (5 x lo' spores ml-l) suspended in 0.1 M-phosphate buffer (pH 8.0) were added 0.2 ml inosine (20 mM) and either 0.3 ml [U-"C]inosine or [U-14C]adenosine [50 pCi ml-l; sp.act. 570 mCi mmol-1 (21 GBq mmol-l); from The Radiochemical Centre, Amersham]. The suspension was incubated at 37 "C with shaking and at intervals samples (1 ml) were transferred to a glass tube. The pH was lowered to pH 1 with 4 M-HC~; the tubes were then immediately closed with a rubber stopper to which was connected a Whatman 3MM filter paper (24 mm diam.) wetted with 0-1 m12 M-KOH. Released 14C0, was collected on the filter paper during 1 h incubation at room temperature. Radioactivity was measured in a liquid scintillation counter after elution from the filter paper with 1 ml distilled water (modification of the method of Goldman & Blumenthal, 1963 
RESULTS

Germination of B. cereus 569 spores
Heat-activated spores germinated in an equimolar mixture of L-alanine and inosine (in 0.1 M-phosphate buffer, pH 8.0) after 10 rnin incubation at 37 "C. The rate of germination was not affected when inosine alone was used as germinant and there was no difference between freshly harvested and 2 year-old spores. All subsequent experiments were performed with inosine alone as germinant. The germination triggered by inosine alone occurred not only in phosphate buffer but also in phosphate buffer/EDTA, saline/EDTA and distilled water (Fig. 1) . Chloramphenicol (150 pg m1-l) did not affect the rate of germination.
Utilization of purine nucleosides
Catabolism of inosine during germination was followed using [U-14C]inosine as germinant. In 0.1 M-phosphate buffer (pH 8-0) spores released 14C02 only on completion of germination (15 min after adding inosine) and continued for 60 rnin of incubation (Fig. Release of 14C02 was not observed when spores were incubated in 0.1 M-phosphate buffer/0.01 M-EDTA (pH 8.0). Release started when spores pre-incubated with phosphate buffer/EDTA were resuspended in phosphate buffer supplemented with 0.01 M-MgSO, (Fig. 2) . The requirement for exogenous phosphate was shown by the decreased release (due to endogenous phosphate) of 14C02 from spores incubated in Tris buffer instead of phosphate buffer (Fig. 2) . Thus, catabolism of inosine is dependent on completion of germination, exogenous phosphate and Mgz+.
Adenosine alone did not trigger germination of B. cereus 569 spores, but on completion of germination in the presence of inosine, release of 14C02 from [U-14C]adenosine was observed (Fig. 3) . The kinetics of 14C02 release from labelled adenosine were similar to those observed with labelled inosine. No delay was observed in the release of 14C02 from adenosine as compared to the release from inosine (Figs 2 and 3) . The release of 14C02 was not observed when [8-14C]inosine or [8-14C]adenosine were used. These results indicate that the I4CO2 released originated solely from the ribose moiety of either adenosine or inosine. Chloramphenicol did not affect the catabolism of either inosine or adenosine in germinating B. cereus 569 spores.
Release of spore-specific photoproduct during germination Ultraviolet-irradiated spores germinated in the presence of inosine in 0.1 M-phosphate buffer (pH 8.0) eliminated the spore-specific photoproduct from DNA (Fig. 4) . While incubation with inosine stimulated 90% of the spores to germinate during the first 15 to 20 min, no detectable amounts of spore-specific photoproduct were removed from DNA during that time. The elimination of spore-specific photoproduct started only after 45 min of incubation with inosine and was dependent on the continuous presence of inosine in the medium (Fig. 4) . Adding chloramphenicol (1 50 pg ml-l) to the germination medium did not inhibit the removal of spore-specific photoproduct.
In keeping with the removal of spore-specific photoproduct from DNA being dependent on the metabolism of inosine, when the latter was inhibited partially (Tris buffer) or completely (saline/EDTA) the elimination of spore-specific photoproduct was similarly affected. Only when germination was completed could inosine be substituted by glucose, adenosine, deoxyadenosine or ribose, but not by cytosine, guanosine or hypoxanthine (Fig. 5 ).
DISCUSSION
Our experiments were aimed at elucidating the physiological role of inosine in the germination of B. cereus 569 spores. Inosine alone was effective in triggering germination, thus enabling us to differentiate between its role as an initiator and its subsequent utilization as a metabolite. Initiation of germination by inosine appears to be an allosteric rather than a metabolic event requiring the continuous presence of inosine in the germination medium. Efficient initiation of germination by inosine was also obtained under conditions not permitting its metabolism such as in the absence of exogenous phosphate or Mg2+. These findings, however, do not exclude the possibility that triggering of germination may require some metabolism which operates at a low rate not detectable by the present experimental methods.
Our results indicate that metabolism of inosine occurs immediately after germination or in its later stages. Utilization of inosine suggests that carbohydrate metabolism via the pentose phosphate pathway occurs. Most probably the inosine phosphorylase translocates the ribose moiety (as ribosyl-1 -phosphate) inside the cell. Thus, inosine utilization may represent the first and necessary step in energy supply for the further events in the outgrowth of spores. The independence from protein synthesis and the similarity in kinetics of 14C02 release from the ribose moieties of both inosine and adenosine suggest the presence of inosine phosphorylase and adenosine phosphorylase in spores of B. cereus 569.
Munakata & Rupert (1 974) assumed that an energy source is required in B. subtilis for activation of the spore-specific repair mechanism. Removal of spore-specific photoproducts in B. cereus 569 proceeded only when germination was complete and required continuous catabolism of inosine or of a utilizable substitute such as adenosine, glucose or ribose.
Our findings confirm the energy dependence of spore-specific photoproduct removal from DNA.
